Integral
Equations reformulated from the Helmholtz equation. 
0_
Once the values of ¢ and _nn on the boundary are found, the solution at any point, _', inside the domain of wave propagation can be obtained as [2] ¢ 
in whichwehaveusedthe notationsthat _ = _'(0)-_'(0')and R = I_I. HereH_" and 
For

0¢
21r. Let ¢ and _ be approximated by truncated Fourier series as :
The particular form of the truncated Fourier series has been taken in (8) and (9) for the convenience of using discrete Fast Fourier Transform (FFT) programs [7] .
Substituting (8) and (9) into (5), the boundary integral equation becomes the following
We note that the two integrals in (10) are actually the Fourier coefficients of It is easy to show that the function R has a discontinuous derivative at 0 = 0'. In particular, for 10 -0'1 small, we have
Consequently any term with an odd power or logarithmic function of R will not be infinitely smooth and has to be treated in order to achieve spectral accuracy in the Fourier approximation.
To study the singularity in G(O, 0'), we note that 
Y0(tcR)
we have, for 10 -8' I small, 
The functions H(0,0') and Jx(nR)_ -_ in (14) are now periodic and infinitely
The Fourier coefficients of _nn( ) dO will be computed according to (14) .
Following the above analysis, we then express the boundary integral equation (10) as follows :
Now all the integrals in (15) are in a form which can be evaluated numerically with spectral accuracy.
_.3. Discretization
In what follows, a spectral collocation approach will be taken in deriving the algebraic system for the boundary integral equation (15). Let us introduce two sets of discretization points ( Figure  1 )
The reason for using two sets of discretization points, as will be clear later, is that it avoids the direct evaluations of 6(0, 0') and/it(0, 0') at points where 0 = 0'. Although both functions are finite there, their limits are geometry dependent. The current discretization is robust.
We then require that the boundary integral equation (15) be satisfiedat collocation points 0' = 0_,, j' = 0, 1, ..., N -1.
For convenience of discussion, we denote the following Fourier series approxima-
The coefficients of the expansions are calculated by FFT (backward in the usual sense) as follows:
In addition, we denote (12) as
where a0 = 0 and an --1 for n _ 0.
It is immediately
seen that the two integrals involving G and H in (15) equal to 2_rgj, n and 2_rh.i, n respectively. The other two integrals are obtainable by convolution sums. Specifically, using the definitions given in (16), we have '/0'" I -e i"°In 2 sin( u.i'n -27r
By substituting (16) and (17) into (15), the resulting algebraic system is :
Cn (2zrhfn + tcufn) = for j' = 0, 1, 2, ..., N -1. Let M > 3N and
Equation (18) is easily cast into a matrix form
Compute the following using FFT for j = 0, 1, 2, ...M -1 :
where M/2-1 and form the product
Then the convolution sum uj, n is the (backward) FFT of Uj, j :
for -N/2 <_ n < N/2 -1. The convolution sum vj,, can be obtained identically.
NUMERICAL EXAMPLE : SCATTERING OF A PLANE WAVE BY AN ELLIPTIC CYLINDER
The numerical method described in the previous section will now be applied to the problem of a plane wave scattering by an elliptic cylinder. 
yields the values shown in Table II . A somewhat better accuracy for small N is observed.
In Figure 2 
The Green's function for points lying outside of the boundary does not have any singularity.
Thus (22) Table III and IV for the Dirichlet  and Neumann  boundary 
